Fat extraction. The fat was removed from whole dry liver samples by extraction €or 24 h with light petroleum (b.p. 40-60") in a conventional glass-jointed Soxhlet apparatus. The solvent was removed with the aid of heat and reduced pressure and the fat content determined by weight.
Preparation of samples for determination of copper. The portions of dried liver with and without fat, which had been minced with scissors, were placed in clean weighed 50 ml Erlenmeyer flasks, with clean stainless steel instruments. The contents of the flasks were dried to constant weight at 110". The procedure was similar for the hair samples.
Copper determination. The tissue samples were ashed and their Cu contents determined with sodium diethyldithiocarbamate (Eden & Green, 1940). The yellow complex formed in the presence of Cu was extracted into redistilled amyl alcohol and measured spectrophotometrically at 435 mp.
RESULTS

Liver.
The concentrations of Cu in the livers of African children with kwashiorkor and of those children from the same region who had died from diseases other than kwashiorkor are shown in Table I . There was a highly significant reduction in the amount of Cu per g dried tissue in the livers of children with kwashiorkor compared with the values obtained from the control group (P < 0.01).
The mean percentage of fat in the livers of children with kwashiorkor was three Copper in liver and hair in kwashiorkor 595 times as great as that for the control group. In order to investigate whether the significant difference between the groups shown in Table I was due to the differences in fat content, the fat was extracted from a portion of each liver and the concentration of Cu again determined. The results (Table I) show that there was significantly less Cu per g fat-free dry liver from children with kwashiorkor than there was in the livers of the controls (P < 0.05). In both groups there was good agreement between the values for mean Cu content of liver tissue determined by direct analysis and by calculation. This strongly suggests that there was no Cu present in the liver fat in either group.
Hair. Comparison of the Cu content of hair from South African children with and without kwashiorkor ( Table 2 ) showed a significant difference between the two groups 
DISCUSSION
There are clinical features in common between the recognized Cu deficiency in sheep known as 'sway-back' and kwashiorkor. The more striking signs are discoloration and textural alteration of the wool or hair and anaemia with hypocupraemia. Though it is not considered that kwashiorkor is a Cu-deficiency state, it may be that one of the deficiencies that is common and may account for some of the physical signs in this 'pluricarential' syndrome is Cu, just as various vitamin shortages may also be concomitant. The hair in kwashiorkor is frequently fragile and a well-documented feature is the change in colour, sometimes to red. The finding of a reduced concentration of Cu in the hair in cases of kwashiorkor does not, of course, mean that this shortage is responsible for the appearance of the hair. However, copper is important in the enzymic conversion of cysteine to cystine and it may well be that the decrease in cystine in hair from children with kwashiorkor (Platt & Nagchaudhuri, 1954) is a reflection of the Cu deficiency. The fact that Cu is low in such hair means that its https://www.cambridge.org/core/terms. https://doi.org/10.1079/BJN19610072 chemical composition is altered, but this does not imply an alteration in the enzymic processes concerned with hair formation.
The liver plays an important part in Cu metabolism and it may be that there is a loss of Cu storage capacity. There is very little Cu in maize (0.06-0.08 mg/Ioo g fresh maize, Albritton, 1954) , the staple diet of these people, but it is unlikely that this has been the cause of the Cu deficiency found because it has proved impossible to produce Cu deficiency in healthy children on a milk diet (Wintrobe, Cartwright & Gubler, 1953) , and no case of Cu deficiency has been reported in man.
The total liver weights were not determined and therefore it is impossible to know if the reduced Cu concentration means any alteration in total liver Cu. However, as there is a marked protein deficiency in kwashiorkor the size of the fat-free portion of liver would almost certainly be less than normal, and this would therefore mean that there exists a reduction in total liver Cu in kwashiorkor.
SUMMARY
I. The concentration of copper in the liver and hair of seven African children suffering from kwashiorkor has been compared with the values obtained from nine children from the same area suffering from other diseases.
2. A significant reduction in the concentration of Cu in the livers of children with kwashiorkor, compared with the values for controls, was found when the results were expressed either on a whole dry-tissue basis or on a dry fat-free basis. Calculation showed no Cu to be present in liver lipid.
Samples of hair taken from South African children with kwashiorkor have been
analysed for Cu and the results compared with those for hair taken from children suffering from other diseases. There was a significant reduction in the concentration of Cu in the hair in kwashiorkor.
We are most grateful to Dr F. Walt of Durban for obtaining the hair samples.
